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ASSESSMENT OF DOSES TO ADULT MEMBERS OF THE PUBLIC

IN PALOMARES FROM INHALATION OF PLUTONIUM AND AMERICIUM
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“CIEMAT - Spain ‘“NRPB - UK

Abstract

This paper reapraiscs [hc doses 10 adulls in Palomarcs resulting from an a\iation accident in 1966. For (his

purpose. site- and material-specific dala on airborne contamination and the absorption biokinetics of ~39Puin

animals are used in conjunction kvi(h recent ICRP biokinctic models. The committed etTecti\e doses for

members of the public ranging from 0.().37to 0.21 nt3v dcpendiug on differcn[ \vork practices arc \vcll below

h limit of 1mSv y-’ currently rcconmcnded by ICRP, The prcdictcd urinav excretion mtcs of ~39Pushow [hat

fission track or mass spectromctn techniques must bc used for bioassa! for cases of IOMchronic intake.



Introduction

Asa consequence oflhc aviation accident in ihe airspace o$cr Palomares. Spain, in 1966, members of the

public living in the area have been. and continue to bc potentially exposed 10‘J9Pu (and: 4’Am) by inhalation.

Since the accidcru. conlprchcnsi\c studies have been undertaken on the airborne concentrations of 239Puin

urban and agricultural areas”’. More recently the part iclc sii,c distribution of the aerosols hm’e been

measured’s’l)and the biokinct ics of 2J9Puand “t’Am in the rcspirablc fraclion of coruaminalcd soil imestigated

in h]borato~ aninmals ”’.These data have been used in conjunction lvith the human respiratory tract model(f~

and systemic model for 23[}PLI’6’recommended by the International Commission on Radiological Protection

(ICRP) to calculate the committed cffectivc doses for members of the public. In addition. the predicted urinary

excretion rate of plutonium using this protocol have been compared lvith measured ~alues. This paper

summarises the progress to date on a collaborative programmc of \vork bctwccn CIEMAT and NRPB under the

auspices of the European Union.

Materials and Methods

The protocol for assessing

Figure 1.

doses to members of the public and predicting their urinary cxcrction is shown in

Information on airborne concentrations over a 30y period at different locations in the Palomares area are

summarised in Figure 2. These data represent the average annual conccnt rations based on weekly sample

collections of dust below a particle size of 10 pm, More detailed information is reported elsewhere”’. It is

assumed that the dust was inhaled chronically. Particle size distribution mcasuremcn{s made between 1993 and

1997 are summarised in Table 1. The ~ahlcs for the activity median acrod~mamic diameter (AMAD) in the

urban area and surrounding agricultural region of Palomarcs was 2,8 ~un ( Gg 2.7) and 1.3 ym (Cfg 3.6)’3’.

Due to the lack of prc!ious data. it is assumed that these Jalues were typical of the aerosols inhaled by the

residents of Palomares

completed in 1966.

In Palomares. residents

after the major countermeasures. to reduce cnviromncrrlal contamination. were

may \vork in the urban or in (11curban and agricultural areas. Hence expmure to

aerosols of different particle size and different exercise lCVCISassociated with the various work practices need

to bc considered. The \alucs appropriate tor the residents arc showm in Table 2. It is assumed that the

vent ilation rates for each excrcisc lCVCIarc the same as [hc rcfcrcncc Jaiucs rccommcndcd by ICRP(5’.The



regional deposition patterns in the respiratory tract arc gi~en in Table 3. For comparison the default \alucs for

an aerosol of 1 pm AMAD(5‘arc included.

After inhalation of the dust it is assumed that the clearance kinetics by particle transport arc (1wsame as in the

respimtoq tract modcl(5‘, The ~alucs for the absorption parameters from lungs into blood (Table 4) were

obtained from animal studies after administration of the rcspirablc fraclion of contaminated Palomarcs soil(4].

At ClEMAT. measurements of ~39Puin urine have been made for30Ybyalphaspcclrometn”’,Thedetection

limitsof‘39Pu.by this measuring tcchniquc. before and after 1990 \\crc 0,74 and 0,34 Bq d-’ respectifcly. A

small number of mcasurcmcnts have also been made by fission track analysis at the Brookhaven National

Laboratory; the detection limit was 2 lLBqd-’. Currently mcasurcmcnts arc being made by mass spectrometry

and the data will bc a~aiiable shortly.

Results

The committed effccti~c doses to adults from intakes of 23YPuduring each year of exposure follow the same

trend as the airborne concentrations shown in Figure 2, The maximum \aluc, calculated for agricultural

workers in 1967. was 5-I @\, The cumuklti~c \alucs for the committed effectivc dose arising from intakes o~cr

the past 30 years arc gitcn in Figure 3. These doses do not include the cent ribut ions from ‘“t’Am. Whilst this

would have been zero at the timc of thc accident. the current 239Puto 24’Am rat io is about 10:1 by activity.

Hence the committed effective doses from intakes of 24’Am since 1966 would at most be 10OAof the values in

Figure 3 and the total dose increased only marginally

The predicted daily cxcrclion of 239Pu at the cnd of each vcar after the accident is showm in Figure -1.The data

obtained from measurements made by fission track analysis arc given in Table 5 and represent the only

available urinary excretion data relating to chronic exposure. Clearly these results include the contribution

from fall-out due to the testing of nuclear weapons. No information is a~ailablc for Spain but for the residents

of Utah and Colorado (USA). thc mean values for persons born before 1958 and after 1961 were 0.6 pBq 1-’

(range 0-3.4 pBq I” ) and 0.3 @q 1-’ equivalent to about 0,8 and O.-1pBq d“’. The contribution to the total

dose and urinan cxcrction from the ingestion of potentially contaminated foodstuffs at Palomares will be

taken into account later in the collaborati~c program bct~~ccnCIEMAT and NRPB.



Discussion

The assessments of doses for Ihc residents of the Palomarcs area described in this paper have used field

measurements of airborne conccnlmtion and particle sixc. and material specific information on absorption

from lungs into blood in conjunction with the most recent biokinctic models recommended by ICRP. The

calculated committed cffccli~c doses arising from the total intake o~cr 30 years. 37 and 210 pS\ for urban and

agricultural workers respectively. arc bclo~l the values rccommcndcd by ICRP. I InSI’ y“’ formembersof the

public[g’.

It is noteworthy that lhc predicted urinary excretion rates for a3yPuarc similar to lhc measured values. The

urinary excretion dala support Ihe use of fission track and mass spcctromctric melhods of analysis. Clearly

alpha spcctromctry !vith a detection limit of 0.34 n~Bq d“’ ~vould only be of value for assessing doses

appreciably in excess of the recommended limit.
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Table 1. Particle size measurements of airborne dust at Palomares

Date Urbanarea Ruralarea

AMAD Gg AMAD CJg
pm pm

22/6 tO 25/6/93 1.7 3,4

28/6 to 30/6/93 1,3 3,6

20/lo to4/11/95 3.0 2,7

17/4 to 22/4/97 2.6 2,4

17/4 to 28/4/97 0,9 4,8



Table 2 Daily percentage time budget for adult workers

Exerciselevel Ventilation Rural Workera Urban Worker b lCFW-71

rat es(5) Daily Time budget (%) Daily Time Default
(m~ ~ ~-l) budget (?40) values (0/0)

Urban area Rural area

Sleep 0.45 33C 0’ 34’ 33,3

Sitting 0.54 32C o’ 36’ 25,0

Light exercise 1.50 12’ 5’ 20 c 40,6

Heavy exercise 3.00 3C Isc lo’ 1,0

‘ Inhabitants of Palomares participating in agricultural labors at the contaminated
site

bInhabitants of Palomares living and working at the urban area
c Direct estimations from local data.



Table 3 Deposition of aerosols in respiratory tract

Region 0/0 inhaled activity

Urban Rural ICRPb
worker’ worker’

ET1 22,05 17,79 14,89

ET* 30,77 25,53 18,97

BB 4,20 4,13 1,29

bb 2,21 2.20 1.95

Al 10,24 10.87 11,48

Total 69,47 60.53 48.58

“ Values calculated using AMADs and time budget given in Tables 1 and 2 and ICRP
default values for ventilation rates.

b Default values recommended by ICRP for an aerosol of 1 pm AMAD(S)



Table 4 Absorption parameter valuesfor239Puand 2J’Am

Parameters Pu Am Type M Type S

t 10-2 4.2 8.2 10 0,1

~ d-l 100 100 100 100

S, 10-qd-l 2.0 3.9 50 1

f,, s, and s, are the rapidly dissolved fraction, rapid and slow dissolution rate
respect ively(s).
Values of the model parameters s,,, sl,t and st can be calculated readily fromthem(”)III

the absence of data during the early lung clearance phase the default value of 100 d-’
fors, was assumed.



Table 5 Daily urinary excretion data for man working in agricultural area

Date 2sgpu (pBqd-’ + 30 )
Fission track method

25/7/93 10.6 + 2.4
26/7/93 12.8+ 1.2
27/7193 20.8 +4.3
28/7/93 27.8 &3.7



Figure 1. Protocol for assessing doses from inhaled dust at Palomares



Figure 2. Airborne concentration of 239Puin Palomares.
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Figure 3
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Figure 4 Predicted daily excretion of 239Pu
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